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PREFACE

This report uses the Wharton EFA Motor Vehicle Demand Model (Mark II) and

its associated databases to discuss and analyze past and future trends in the

Light Duty Truck market. The dynamic historical growth in this market and its

implications for energy, safety, and emissions policies in transportation en-

hances the value of increased information and understanding concerning these

trends
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PART A
ANALYSIS OF HISTORICAL TRENDS

INTRODUCTION

This section analyzes historical trends in the market for light duty

trucks (under 10,000 lbs Gross Vehicle Weight (GVW)) over the period 1955 to

1977. The data for this study were provided by the Chilton Company^/ and were

developed for use in incorporating light trucks into the Wharton EFA Motor

Vehicle Demand Model.—/ Additional data based upon I^.L. Polk and other

sources!./ are used in some sections. The historical trend analysis focuses on

three subject areas, each comprising a separate chapter:

New Registrations
Physical Characteristics
Prices and Costs.

The Chilton data contain such detail that we have a number of points of

comparison to examine. One basic aim is an analysis of the data by manufac-

turer in which we use six categories:

General Motors Corporation (GMC)
Dodge (Chrysler)
Ford

Jeep (American Motors Corporation (AMC))
International Harvesting Corporation (IHC)
Foreign.

Another important point of comparison is body type, which consists of

five classes (definitions of these body types are given in Appendix A):

—
/ C. Cantwell, for Chilton Company, Light Duty Truck Characteristics His-

torical Data Base . A report D0T-TSC-NHTSA-79-37/D0T-HS-804-787
,
prepared

for the US Department of Transportation, National Highway Traffic Safety
Administration, Office of Research and Development, December 1979.

2 /— Colin Loxley, Priscilla Luce, Tim Osiecki, and Kate Rodenrys, the Demand
for Light Trucks--The Wharton EFA Motor Vehicle Demand Model (Mark iTJ!

Final Report D0T-TSC-NHTSA-80-32/D0T-HS-805 667, to the Department of Trans-
portation, Transportation Systems Center, January 1981.

—/ Such as Ward's Automotive Yearbook, Automotive News, etc.
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Pickup
Suburban
Uti 1 i ty
Van (Passenger or Cargo)
Mul ti-stopo

It should be noted here that the compact passenger vans are considered to

be light trucks rather than automobiles both in this report and in the Wharton

EFA Motor Vehicle Demand Model. A related characteristic which will provide

another dimension of comparison is the option of four-wheel -drive available on

some of these body types.

A traditional categorization for trucks is by weight, usually stated as

Gross Vehicle Weight (GVW). Our weight classifications are 0-6000 lbs, 6001-

8500 lbs, and 8501-10,000 lbs, and they prove to be interesting and informa-

tive divisions in analyzing trends in the truck market. Although all of the

above divisions of the data are possible for analysis, the Wharton EFA Motor

Vehicle Demand Model uses a more aggregated classification scheme for modeling

light duty truck demand; personal versus commercial (see definitions in

Appendix A). Therefore, we compare historical trends for these broad classes

of demand.

- 2 -



1. NEW REGISTRATIONS

1.1 TOTAL

Due to the greater availability of detailed characteristics information,

the Chilton historical data base for light duty trucks (LDTs) concentrates on

production figures, rather than providing sales or new registrations data.

Since production typically follows new registrations quite closely on an

annual, long-term basis, we will use these data without adjustment for the

sake of simplicity and consistency.

In general, new salesJL^ of light trucks have been increasing rapidly over

our historical period. In fact, there have been several years where sales

grew by between 20 percent and 35 percent, although a few years with large

decreases counteract the boom years to produce an average annual growth rate

of 8.9 percent over the period 1955-1977. It is notable that the boom has

been concentrated in recent years: the 1960-1977 annual average growth rate

is 10.1 percent, while that for 1970-1977 is 12.9 percent. The years when

sales declined (1957-8, 1960, 1967, 1970, and 1974-5) closely correspond to

auto sales downturns and general economic recessions. (See Figure 1-1)

Positive growth rates are, in general, higher for trucks than for autos, while

their rates of decline are very close, indicating more extreme cycles, but a

consistently higher average growth rate for trucks than for automobiles. The

influence of the introduction of many new LDT models in the mid-1960s can also

be seen.

— Given the long-term focus, the text uses new sales, new regi strations , and

production synonomously

.
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FIGURE 1-1. GROWTH RATES, NEW REGISTRATIONS

1.2 COMPARISON BY MANUFACTURER

As can be seen in Figures 1-2A and 1-2B, the shares of total new reg-

istrations by manufacturer are cyclical (like the overall total), although

obviously the cycles are offsetting between manufacturers. GM has been tradi-

tionally dominant, just as in the automobile market, keeping Ford to 13 per-

centage points behind at times. The exceptions are a tie in 1956 and 2 con-

secutive years of Ford dominance in 1969 and 1970, a result of the strike

which caused GM to drop 9 percentage points in one year.



FIGURE 1-2A. NEW REGISTRATIONS, SHARE BY MANUFACTURER

185531 137701
TIME

FIGURE 1-2B. NEW REGISTRATIONS, SHARE BY MANUFACTURER
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Behind GM and Ford came Dodge, IH, and Jeep in the domestic market. This

hierarchy has been preserved through most of the 1955-77 period, with the for-

eign manufacturers' share gradually growing. Recent trends have shown IH los-

ing ground since the 1960s (and being overtaken by Jeep in the mid-1970s) and

a doubling of the foreign truck share between 1969 and 1972. The foreign man-

ufacturers seem to have captured some of GM's traditional share in 1970 with

their new models and then maintained their share with GM's comeback. Ford and

IH are the domestic manufacturers which seem to have yielded ground, with IH's

new registrations declining absolutely as well as relatively in the last few

years.

1.3 COMPARISON BY BODY TYPE

Light trucks have traditionally been dominated by the pickup body

style. In 1955, pickups were almost 90 percent of GVW Classes 1 and 2 new

registrations, and, despite a steady decline since then, still had a 70 per-

cent share in 1977. The pickups' losses have meant gains for utilities, and

cargo and passenger vans, with cargo vans gaining the most. (See Figures 1-3A

and 1-3B.)1/

Suburbans have kept a steady 2.5 to 4 percent share, particularly since

the mid-1960s. It is interesting to note that GM and Jeep have been the only

manufacturers of this body type since 1976, when IH discontinued its subur-

bans. Ford produced this body type at one time, but has not since 1960.

The cargo van body type has the most dramatic graph of share of new reg-

istrations of all the LDTs. This is a result of GM and Ford joining Dodge

(originally the sole producer) in production of cargo vans in the same year

(1961) and boosting the style's share by 7.5 percentage points. Cargo vans

have gained another 5 percent since then with steady growth, and GM is close

to surpassing Ford's leading share in their production.

U This may be misrepresented, since the distinction is based on the
manufacturers' production, not allowing for "conversions."

- 6 -



FIGURE 1-3A. NEW REGISTRATIONS, SHARE BY BODY TYPE

FIGURE 1-3B. NEW REGISTRATIONS, SHARE BY BODY TYPE
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Multistops have seen 22 years of almost constantly declining share of new

registrations of light trucks since 1955. Their share is currently less than

1 percent and GM has been the sole producer since 1971, when IH discontinued

production.

The passenger van is the only LOT body type other than the cargo van

which is not dominated by GM. Although GM is a close second in production of

cargo vans, in passenger vans it is merely a close third behind Ford which is

led by Dodge. The style saw steady growth through the late 1950s and the

1960s, peaking in 1970 with over 7 percent of LDT new regi strations. Its

share has been declining ever since, however, due to a drop in Dodge's produc-

tion and a large drop in foreign production. If these trends continue, GM and

Ford may well dominate the passenger van market also.

The general conclusions to be drawn from a comparison of new registra-

tions by body type are that pickups dominate the other types and that GM

dominates in production of most types.

1.4 COMPARISON BY WEIGHT

The most obvious point to be observed in the historical trends of new

registrations by size class (See Figure 1-4) is that there is a sudden break

in 1975 both in the 0 to 6000 lbs share and 6000 to 8500 lbs share series. In

1975, the steadily declining (losing 22 percentage points from 1955 until

1974) 0 to 6000 lbs share of LDT registrations dropped 20 points to 51.3

percent and was down to 42.2 percent in 1977. The 6000 to 8500 share, on the

other hand, which was steadily increasing between 1955 and 1974, suddenly

gained almost 20 percentage points in 1975.

This redistribution is clearly the result of the interim Federal emis-

sions standards for trucks under 6000 lbs which were effective in 1975. The

manufacturers' strategy was simply to increase the rated weight of many of

their light truck models, which were, for the most part, just under 6000 lbs,

to just over the 6000 lbs limit. Our data clearly show that the weight

changes could not have been very large; average GVW rating seems hardly dis-

turbed from its historical trend in 1975.

- 8 -



195S81 137701

TIME

FIGURE 1-4. NEW REGISTRATIONS, SHARE BY WEIGHT

The 8500 to 10,000 weight class is much less dramatic; it shows steady

growth, starting at less than one-half of one percent in 1955 and ending in

the 1970s between 4 and 5 percent.

An additional interesting dimension of new regi strations by weight is new

registrations by weight by body style. Some body styles (pickups, suburbans,

and utilities in particular) were almost exclusively less than 6000 lbs before

1975 and are now almost exclusively in the 6000 to 8500 class. Cargo and pas-

senger vans display the regulation avoidance also, but not in such absolute

terms. Multistops have been made in all three weight classes by GM, but only

in the under 6000 lbs class by the other manufacturers. Multistops, cargo

vans, and pickups are the only body styles made in the 8500 to 10,000 lbs

weight class.

Thus, the new registrations comparisons by weight clearly demonstrate the

well known regulation avoidance in the light duty truck industry in 1975.

- 9-



1.5 PERSONAL VERSUS COMMERCIAL COMPARISONS

The distinction between personal and commercial trucks^ used in the

Wharton EFA Motor Vehicle Demand Model sheds yet another interesting light on

the historical analysis of LDT new registrations. It should be noted here

that the data used for this section are our estimates of new registrations

derived from R.L. Polk data.

FIGURE 1-5. NEW REGISTRATIONS, PERSONAL VERSUS COMMERCIAL TRUCKS

U "Personal" LDTs are defined as: all compact vans; all imports; Chevrolet
vans, El Camino, Luv, Suburban, Blazer; Dodge vans. Trail Duster, Ramcharger;
Ford Econoline, Ranchero, Bronco, Courier; GMC Vandura, Suburban, Jimmy,
Sprint; IH Scout; and Jeep CJ5, CJ7, Commando. Hence the "commercial" group
includes most of the pickups, an unknown proportion of which are undoubtedly
used in whole or in part for personal transportation.

- 10 -



The most self-evident observation to be made about Figure 1-5 is that

historically there have been usually two or three times as many commercial

trucks as personal trucks registered. This status seems to have changed since

around 1973, however, when personal trucks' new registrations continued to

increase as those of commercial trucks fell by close to 29 percent.

The gap between personal and commercial trucks has, in fact, narrowed

almost every time that total new registrations of trucks has fallen. Thus the

cyclical downturns in LOT registration mentioned in Section 1.1 primarily seem

to originate in the commercial truck market, while the otherwise steady growth

over the 22 year period seems to be shared between the two classifications.

So the new regi strations data by personal versus commercial trucks indi-

cate a cyclical but steadily increasing pattern for the well established

commercial truck market and a boom with few interruptions in the still

developing personal truck market.

- 11 -



2. PHYSICAL CHARACTERISTICS

2.1 TOTAL

Our LOT data from the Chilton Co. contain a large amount of detail on the

physical characteristics of the trucks. In this section we will examine the

data on the fraction of LDTs made with the most important of these options;

the fraction with four, six and eight cylinders, automatic transmission,

overdrive, and four wheel drive will be studied. Other characteristics of

interest, average wheelbase, cargo volume, and displacement, will also be

included. It should be noted that we have no Chilton data concerning one of

our comparisons; the personal versus commercial trucks section will thus be

excluded.

Overall trends in physical characteristics are fairly easy to spot and

understand. The cylinder data shows the percentage with four cylinders stay-

ing mostly constant from 1955 to 1977, the percentage with six cylinders fall-

ino by 25 to 50 percent over the historical period, and the percentage with

eight cylinders growing to 75 to 80 percent in the 1970s. This trend is
'

clearly the result of domestic manufacturers' production, as will be seen in

Section 2.2.

Average displacement has been on an increasing trend over the historical

period, too. The overall average has grown by almost 100 cubic inches, in

fact. A similar, but more extreme, trend is found in the fraction with auto-

matic transmission, which has grown from 0 percent in 1955 to 65 percent in

1977.

The percentage of LDTs with overdrive was 0 for all but 1964 to 1970,

when it was hovering around one half of one percent, these all came from one

manufacturer.

The fraction with four wheel drive has been growing rapidly over the his-

torical period, from 4.9 percent in 1955 to 23.3 percent in 1977, reflecting

the trends for the individual manufacturers. Average wheel base and average

cargo volume have also been on the rise, with the former gaining about 10

inches and the latter gaining about 80 cubic feet from 1955 to 1977.

Thus, we see that trucks, like the auto market, show a trend towards

being larger and more highly powered, with increasing penetration of the

"luxury" (and less fuel -efficient) automatic transmission. We note that this

is associated with increasing personal-use LDTs.



2.2 COMPARISON BY MANUFACTURER

The most notable observation to be made about the distribution of the

number of cylinders used in LDTs by manufacturer is that the larger the number

of cylinders, the more likely it is that the manufacturer is a domestic one.

In fact. Jeep and IH are the only domestic manufacturers to have produced four

cylinder trucks, and the percentage of their trucks thus equipped has been

falling. Foreign manufacturers , on the other hand, made all their trucks with

four cylinders until 1965, and in 1977 were still producing 94 percent that

way, with the rest equipped with six cylinders and none with eight.

The American manufacturers have been producing not only few four-cyl inder

trucks, but also few six-cylinder ones. GM, Dodge, Ford, and IH have all con-

centrated over 80 percent of their LDT production on eight-cylinder trucks

since the late 1960s and early 1970s. Jeeps were made in 1955 entirely with

four cylinders, but by 1977 63 percent were produced with eight cylinders.

A similar trend toward more powerful engines may be seen in the average

displacement data; all of the American manufacturers have kept their average

engine displacements two to three times as large as those of the foreign pro-

ducers.

There is a significant domestic-foreign split in the data on the fraction

of trucks with automatic transmission also. The domestic manufacturers all

equip at least half of their trucks this way, although these percentages have

grown very rapidly since the mid-1960s, when the domestic average was around

20 percent. Foreign producers, on the other hand, still made less than 20

percent with automatic transmission in 1977. Dodge, GM, and Ford produced

between 65 percent and 85 percent this way in the mid-1970s, with Jeep and IH

having around 50 percent.

One quite interesting physical characteristic available on LDTs is four

wheel drive, an option whose production has been rapidly rising. The manu-

facture of four wheel drive vehicles has clearly been dominated by two domes-

tic companies. Jeep is the undisputed leader with production for four wheel

drive under 90 percent only three times in 22 years and equal to 100 percent

for 8 years. IH is the second runner with over 80 percent in 1976 and 1977,

although they have traditionally stayed below 50 percent.

- 13 -



The other three domestic manufacturers have been making gradually more

and more four wheel drive trucks through the period with the maximum around 20

percent in the mid-1970s. Foreign producers, on the other hand, have cut

their four wheel drive percentage from 6.5 percent in 1966 to just over 3

percent in 1977.

The average wheel base data are not as dramatic as the others. They show

gradual increases for all manufacturers, with GM, Dodge, and, Ford growing

more than Jeep, IH, and the foreign manufacturers. In the 1970s the former

group averaged wheel bases about 20 inches longer than the latter group, which

was clustered just over 100 inches.

The average cargo volume data show a similar trend, with the "big three"

averaging 60 to 100 cubic feet larger than foreign manufacturers. It is

notable that Jeep and IH averaged 80 cubic feet less the foreign makers in the

mid-1970s, and, unlike all the others, have been averaging decreasing cargo

volumes since the mid-1960s. This is obviously due to a heavier mix of body

types with small cargo space.

2.3 COMPARISON BY BODY TYPE

Most of the physical characteristics that have been examined have

different trends from the overall or even from the trends by manufacturers

when viewed for certain body styles. This arises from the fact that many LDT

styles were developed for a particular purpose which requires certain capa-

bilities. The most obvious example of this is the utility vehicle, which was

developed to carry people and small cargo volumes over rough terrain. Utili-

ties, therefore, are small in wheelbase and cargo volume, have a much lower

fraction produced with an automatic transmission, and have a much higher

fraction (typically 100 percent) produced with four wheel drive.

The cylinder analysis by body style is less varied than that by manufac-

turer; all light truck body styles have been trending toward more cylinders.

Multistops, cargo and passenger vans, and domestic pickups are particularly

turning toward eight cylinders.

The average displacement data show a definite hierarchy of body styles,

with suburbans and multistops having the largest average displacement. The

other styles, in descending order, are cargo vans, pickups, utilities, and

- 14 -



finally passenger vans. It is interesting that the sequence is. almost the

same for average cargo volume. There are two body styles which are in dif-

ferent places in the cargo volume series: the suburban, which has the second

to the smallest cargo volume although it has the largest displacement; and the

passenger van, which is in the middle of the sequence for cargo volume and at

the bottom of the displacement sequence.

The fraction of trucks with automatic transmission has some interesting

differences from the overall upward trend for some body styles. The utili-

ties' comparatively low percentage has already been discussed, but heavy (8500

to 10,000 lbs) pickups also have fewer automatics. On the other hand, many

manufacturers have produced all their suburbans with automatic transmissions

over the historical period. These differences can certainly be viewed as

utilitarian, since manual transmissions are clearly an advantage on rough

terrain or in a vehicle used for heavy work. The high rate of automatics in

suburbans is logical considering the nature of the body type as the truck ver-

sion of a station wagon. It should be noted on a related matter that all of

the LDTs with overdrive were light (0 to 6000 lbs GVW) Ford pickups in the

1960s.

The exception to the overall average wheelbase trend are utilities and

Jeep suburbans, both of which are comparatively short. Utilities in fact

average about 20 inches shorter than pickup and suburbans, and this probably

is an advantage for their off-road driving.

The main exception to the rule in the fraction with four wheel drive has

already been discussed in the note on utilities, but there is another

interesting experiment with the option. In the 1960s, Dodge made many of its

6000 to 10,000 lb pickups with four wheel drive, but apparently didn't like

the result since this is no longer true.

So, we have seen some interesting deviations from the overall trends in

physical characteristics and have found that many of them are rooted in utili-

tarian considerations clearly related to their expected use and marketing

position.

- 15 -



2.4 COMPARISON BY WEIGHT

The main observation to be made about physical characteristics by GVW

rating of the trucks is that the various engine measurements get bigger as the

weight of the truck goes up. The reasons are obvious for the higher incidence

of eight cylinders and the larger displacements and wheel bases found on the

larger trucks.

It is noteworthy that the trend toward longer wheel bases on heavier

trucks is highly pronounced for cargo vans and multistops, both of which are

used mainly for their cargo space. Increased cargo volume is clearly the

motive for making these models heavier. Another interesting and somewhat

puzzling trend is that as time goes on and weight goes up the fraction of

trucks equipped with automatic transmission goes up. However, as noted pre-

viously, heavy pickups are clearly an exception to the rule. This suggests

that automatics are usually purchased by personal -use buyers rather than

commercial operators.
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3. PRICES AND COSTS

3.1 TOTAL

The average price for light duty trucks increased almost four-fold over

the 1955-1977 period, reflecting a three-fold rise in base price to $4923, and

an increase to $500 from virtually $0 in the average price of options. More

interesting than the price levels, however, are their growth rate patterns by

year.

As Figure 3-1 shows, the growth rate in the base price of trucks has

exceeded that of the base price of cars and the overall Consumer Price Index

for most years in the historical period. At least part of this increase can

certainly be attributed to the change which occurred in the production mix by

body type and weight. As will be seen in Section 3.3, the pickup truck is the

least expensive body type, so the decrease in the percentage of trucks pro-

duced that were pickups would tend to raise prices. Similarly, as will be

seen in Section 3.4, heavier trucks are more expensive than light ones, so the

increased percentage of trucks over 6,000 lbs would have a similar effect.

These production mix changes probably account for a large amount of the dif-

ferences in the growth rates, and reflect the shifts in market tastes which

have thus led to relatively rapid average truck price increases.
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FIGURE 3-1. GROWTH RATES, AVERAGE BASE PRICE AND CPI

3.2 COMPARISON BY MANUFACTURER

As can be seen in Figures 3-2A and 3-2B, three of the five domestic man-

ufacturers have had almost identical base price averages over the historical

period. GM, Dodge, and Ford have consistently kept their average prices

within about $300 of each other's and have usually kept them even closer. The

other domestic producers. Jeep and IH, have made more expensive trucks, with

IH having the highest prices, between $200 and $1000 above the big three

average. This difference has been able to be maintained because of their

different mixes of production by body type.
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FIGURE 3-2A. AVERAGE BASE PRICE BY MANUFACTURER

FIGURE 3-2B. AVERAGE BASE PRICE BY MANUFACTURER
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The addition of the average price of options onto the_base price changes

matters somewhat. (See Figures 3-3A and 3-3B.) First, although Dodge's and

Ford's average prices are close once again, GM's averaged $100-$200 higher in

the 1970s, which is almost the only time period when the average options price

data are non-zero. Thus, GM has slightly higher prices paid for its LDTs on

the average than the other two. IH's average price of options was also higher

than Dodge's, Ford's, and Jeep's, so its trucks were the most expensive over-

all.

Foreign manufacturers' average prices have been a different matter alto-

gether. In 1955 the average foreign base price was about $500 higher than the

domestic big three's prices, but by 1977 they were more than $1000 lower. In

addition, the average foreign price of options is about one-sixth that of the

domestic average, so comparably equipped foreign trucks were even less

expensive.

The reason for this difference lies in the foreign manufacturers' produc-

tion mix by body style. In the early part of the period they produced a large

percentage of vans, which are more expensive than the pickups upon which the

domestic producers were concentrating. In the later years foreign producers

shifted their production mix toward small pickups as domestic producers were

diversifying toward other body types, and since pickups are the least expen-

sive body type, and since the foreign pickups are in general comparatively

small, average foreign LDT prices are considerably lower than the domestic

average.
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FIGURE 3-3A. AVERAGE BASE + OPTIONS PRICE BY MANUFACTURER

FIGURE 3-3B. AVERAGE BASE + OPTIONS PRICE BY MANUFACTURER
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3.3 COMPARISON BY BODY TYPE

In comparing the average base price of LDTs by body type, there are a few

qualities in the various types which seem to raise the price; they are the

comforts and size which are added to make a truck primarily a passenger ve»

hide. This conclusion was reached by observing that the body types with the

highest average base prices are multistops and suburbans. Continuing down the

list of descending prices are passenger vans and utilities (about even), and

then pickups and cargo vans (about even for the lowest base price, although

pickups were cheaper in the early part of the period). (See Figures 3-4A and

3-4B).

Adding on the average price of options to the average base price really

only changes the position of the two most expensive body styles; suburbans are

sold with so many options and multistops with so few that suburbans become the

most expensive LDT type over the multistops.
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FIGURE 3-4A. AVERAGE BASE PRICE BY BODY TYPE

FIGURE 3-4B. AVERAGE BASE PRICE BY BODY TYPE
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3.4 COMPARISON BY WEIGHT

There is one basic law in comparing average base price by the GVW classes

of LDTs; the heavier the truck, the higher its price. In addition, it seems

that the average price of options doesn't vary enough to alter the rule for

overall price.

This is true for almost all truck models and types, and simply reflects

their higher production cost, especially from a materials standpoint. It is a

generally accepted principle that the heavier models of trucks have higher

profit margins and lower sales volume. The higher volume, lighter, trucks

within a particular style are generally sold with lower profit margins.

Hence, the price differential is disproportionate to the higher production

cost, but not necessarily with respect to retailing cost, or presumably, their

market value.

FIGURE 3-5. AVERAGE BASE PRICE BY WEIGHT
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3.5 PERSONAL VERSUS COMMERCIAL COMPARISON

The data used for this comparison are those developed for the Wharton EFA

Motor Vehicle Demand Model using 1976 prices for domestic LDTs and the whole-

sale price index for light trucks. This series can be seen in Figure 3-6A.

Commercial trucks are seen here to be more expensive than personal

ones. This is due to the body style and weight distributions; commercial

trucks include the expensive multistops and heavy pickups, while personal

trucks include enough light pickups, utilities, and vans to offset the expen-

sive suburbans.

An additional dimension is added to the personal versus commercial analy-

sis by the capitalized cost per mile developed for the model. As can be seen

in Figure 3-6B, personal trucks are more expensive per mile than commercial

trucks despite their opposite positions in base + option price. This reversal

is due to the differing formulations of capitalized cost per mile, which as-

sume a longer life for commercial trucks, and the fact that commercial trucks

are driven more miles on the average than personal ones.
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FIGURE 3-6B. CAR COST PER MILE, PERSONAL VERSUS COMMERCIAL
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PART B

PROJECTIONS OF FUTURE TRENDS

INTRODUCTION

This section presents some initial projections made with the integrated

automobile and truck model, the Wharton EFA Motor Vehicle Demand Model (Mark

II). Since this version of the model is only recently completed and has not

been subjected to thorough testing and validation, we emphasize the pre-

liminary nature of these projections. Given the many changes likely in future

economic trends as well as energy developments and public policy, the control

forecast should be viewed strictly as conditional upon the particular assump-

tions used, and as an indicator of general trends rather than precise point

estimates.

Section 4 presents the assumptions and results of the control forecast

from 1978 to 1988. Included are a discussion of demographic trends, fiscal

and monetary policy, energy trends, auto and truck fuel economy, imports, and

air bag assumptions, as well as a summary of results with accompanying

graphs. The detailed tables of results and inputs are presented in Appen-

dix B. Section 5 indicates how the model reacts to changes in input assump-

tions. These simulations include changes in income, truck prices, gasoline

prices, and truck mpg standards. These impacts are evaluated over the 1980-

1990 period, with detailed results presented in Appendix C.

i

:|
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4. FORECAST RESULTS

4.1 ASSUMPTIONS

The economic inputs utilized for this forecast come from the Wharton

Annual Model Control Forecast of September 1978. Important macroeconomic

assumptions are:

(1) Demographic

Higher population growth projections, as estimated in Current

Population Report P~20, Series B-II, Bureau of the Census, July

1978. The Annual Model and the Motor Vehicle Model are consis-

tent in utilizing these projections for total population,

family formation, and age distribution.^/

(2) Fiscal and Monetary Policy

An income tax cut of $16 billion is assumed, effective Jan-

uary 1, 1979, with a further cut of $16 billion in 1980. The

federal deficit was projected at $26 billion in 1979 and $40

billion in 1980, with defense expenditures rising only slightly

in real terms, while non-defense expenditures (in 1972$) in-

crease by over 7 percent per year in 1979-80. Monetary policy

is relatively restrictive, with negative free reserves through

1980 and a discount rate assumed to rise to 7.45 percent by

1981.

(3) Energy Trends

The final energy bill was assumed to include the tax credits

for conservation measures, and for investment in co-generation

and energy consumption equipment, plus the increase in the

interstate natural gas ceiling price and "new gas" deregula-

tion. Crude oil imports prices were assumed to rise by 6.5

1 / Details are shown in Table 17 of the Forecast Tables, Appendix A,
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percent and 7.4 percent in 1979-80, and 5.5 percent there-

after. Alaskan production is assumed to rise to 1.2 million

bbls/day in 1979 and 2.0 million bbls/day in 1980.

(Since these assumptions were made, recent policy changes have led

to greater fiscal and monetary restraint, and OPEC policies and the

Iranian production loss have led to very rapid price increases and

supply shortages. Hence, the cyclical pattern of the forecast can

be expected to shift significantly, with the 1979-80 results chang-

ing substantially.)

Key assumptions specific to the Motor Vehicle Model are:

(1) Autos Fuel Economy

The annual CAFE requirements through 1985 are met without

substantial market distortions. In order to accomplish this,

we have projected a "downsizing" program by class of car

through 1985, along with assumed technical efficiency gains in

fuel economy--due to electronics, diesel ization, transmission

improvements, varying displacement engines, and so on. The

1985 curb weights for domestics are about 20 percent below

their 1978 levels, engine displacements are reduced 30 to 40

percent, while the efficiency gains increase "on the road" mpgs

by 18 percent compared to 1978 .-1/ No further mpg improvements

after 1985 are assumed.

(2) LPT Fuel Economy

We have assumed compliance with the recently announced LPT CAFE

standards through 1982, with no change projected thereafter.

The new vehicle "on the road" mpg projections for 1982 are:

•1/ These assumptions are shown in detail in Tables 20, 21, and 22 of the

Forecast Tables, Appendix B.
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- Personal LDT (MPGPT) 15.48 (+ 41% over 197Z level).

- Commercial GVWl (MPGCl) 16.20 (+ 41% over 1977 level)

- Commercial GVW2 (MPGC2) 12.71 (+ 19% over 1977 level)!/

(3) Imports

Imported subcompacts are reduced some 250,000 units, taking

effect in 1979-80, below what they would otherwise have been,

to account for Volkswagen of America production and loss of

"captives." Domestic sales are correspondingly increased,

(4) Air Bags

It has been assumed that air bags will be required to meet the

passive restraint safety standards coming into effect in 1982-

84. This has a significant impact, since this adds about 3.5

percent to base purchase prices for each vehicle class. This

is a "pessimistic" assumption insofar as automatic safety

belts, etc., may be found to be an effective and cheaper

alternative for some sizes or types of cars.

4.2 SUMMARY OF RESULTS

General economic trends of importance are the lack of growth in real

disposable family income and the surge in inflation in the 1979-81 period.

After 1981 growth in real income per family averages only 1 percent per annum,

while the consumer price index grows by over 5.8 percent on average. (See

Figures 4-1 and 4-2.)!/

!/ Assuming that over half the Commercial GVW2 LDTs are unaffected by the
standards, due to being over 8500 lbs. Annual values are given in Table 32.10
of Appendix B.

11 See Table 18, Appendix B, for details of economic trends.
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FIGURE 4-1. WHARTON EFA MOTOR VEHICLE MODEL. NOVEMBER 1978 FORECAST
—REAL DISPOSABLE INCOME PER FAMILY
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FIGURE 4-2. WHARTON EFA MOTOR VEHICLE MODEL, NOVEMBER 1978 FORECAST
—CONSUMER PRICE INDEX
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Looking first at total new registrations of cars and -light trucks, 1978

is a record year at 14.7 million vehicles, 11 million of these being autos and

vans registered as autos--very close to our forecast made in 1976. The 1979-

81 period shows weak demand, with 1981 sales being only 1.6 percent above

1978. Recent policy initiatives and energy trends will probably result in a

more significant decline in 1979-80. There is a strong recovery cycle in

1982-84, followed by a downturn in 1985-86, with sales recovering moderately

thereafter. The overall average annual rate of growth, 1978 to 1988, is 2.1

percent.

As can be seen from the growth rates (Figure 4-3), personal LOT sales

continue to lead the market, although at somewhat slower rates than in the

past. The 1988 peak of nearly 3 million new registrations represents an

annual average growth rate of 6.2 percent. In contrast, automobile sales

register sharper declines in 1979 (down 2.6 percent) and 1985 (2.2 percent),

averaging only 1 percent per annum growth over the next decade. The outlook

for commercial LDTs parallels the personal truck pattern, but is weaker, es-

pecially during periods of economic weakness. The overall growth averages 3.3

percent per year.

1 9780 1 I Q880

1

TIME

FIGURE 4-3. WHARTON EFA MOTOR VEHICLE MODEL, NOVEMBER 1978 FORECAST
—NEW REGISTRATIONS
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The growth of vehicles in operation, year-end (Figure- 4-4) follows the

new registrations trends. We estimate the 1978 total to be 129.3 million,

with 101.3 million cars (78 percent), 18.6 million commercial LDTs (14 per-

cent), and 9.5 million personal LDTs (7 percent). By 1988 we project total

vehicles to reach 172.2 million, an average annual growth rate of 2.9 percent,

slightly below the 1968-78 rate of 3.8 percent. Of this total, 69 percent

will be cars (1.6 percent annual growth), 13 percent will be personal LDTs

(9.2 percent per annum), with commercial LDTs accounting for 18 percent (5.2

percent per annum)

.
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FIGURE 4-4. WHARTON EFA MOTOR VEHICLE MODEL, NOVEMBER 1978 FORECAST
--VEHICLE STOCKS

A major factor acting to slow growth below historical trends is the high

growth of purchase prices. Figure 4-5 shows that prices increase annually 9

percent or more through 1982. While growth rates thereafter trend downwards,

the increases continue to exceed the general inflation rate.
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FIGURE 4-5. WHARTON EFA MOTOR VEHICLE MODEL, NOVEMBER 1978 FORECAST
—PURCHASE PRICES

From the viewpoint of assessing current and future policy the key ques-

tion is the projection of fuel consumption. Here there are three compo-

nents: the change in the vehicle stock, the change in miles driven per

vehicle, and the change in fleet average fuel economy. Miles driven per

vehicle (Figure 4-6) by personal LDTs grow most rapidly at just under 0.7

percent per year with autos a close second, averaging over 0.5 percent.

Commercial LDTs are the slowest, with miles per vehicle growing by just over

0.3 percent per year.
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FIGURE 4-6. WHARTON EFA MOTOR VEHICLE MODEL, NOVEMBER 1978 FORECAST
—MILES PER VEHICLE

Combining the above trends with the vehicle stock projections, total

miles driven by all cars and light trucks grow from an estimated 1.4 trillion

miles in 1978 to over 2 trillion by 1988, a 3.5 percent growth rate. In

forecasting average fuel economy for each vehicle we estimate mpg for each

vintage, and hence changes in the fleet average will depend upon the new

vehicle mpg, the sales rate, and the scrappage rate. We have projected design

parameters for automobiles which do imply compliance with the CAFE standards

for the industry as a whole. Hence, the auto's overall fleet average grows

rapidly, especially from 1982 onward, averaging 3.5 percent per year for the

1978-88 period. The current standards for LDTs have been incorporated without

any extensions beyond 1982. On this basis, the personal LDT fleet average

grows by 2.5 percent per year, while commercial LDTs register a 1.5 percent

rate (Figure 4-7).
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FIGURE 4-7. WHARTON EFA MOTOR VEHICLE MODEL, NOVEMBER 1978 FORECAST
AVERAGE FLEET MPG

As a result of these trends, total fuel consumption by all cars and light

trucks continues to grow throughout the forecast period (Figure 4-8). The

average growth rate is 0.8 percent, however, by 1988 the annual increase is

only 0.3 percent. The trends by vehicle type are, of course, quite diver-

gent. Fuel consumption by automobiles begins to decline significantly in

1981. By 1988 consumption is down 10 billion gallons from the 1978 estimate,

an average annual decline of 1.2 percent. Fuel consumed by LDTs , on the other

hand, increases by 19 billion gallons over the decade, increasing at a 5.4

percent rate. A general summary of key results is given in Table 4-1.
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FIGURE 4-8. WHARTON EFA MOTOR VEHICLE MODEL, NOVEMBER 1978 FORECAST
— FUEL CONSUMPTION

TABLE 4-1. FORECAST RESULTS SUMMARY

Automobi 1 es

Mid-Year Stock 1.6 (2.9)
Miles per Vehicle 0.5 (0.5
Fuel Economy 3.5 (-0.1)
Fuel Consumed -1.3 (3.5)
Purchase Prices 8.1 (6.4)

Consumer Prices
Fuel Prices

Personal Commercial All

LOTS LOTS Vehicles

9.7 (14.7)1 5.4 (6.9) 3.0 (3.9)
0.7 (0.7 1

0.3 (0.9 0.5 (0.5
2.5 (o.oj1 1.5 (-0.1) 2.7 (-0.1

7.7 (15.4;1
4.2 (7.9) 0.8 (4.7)

8.0 (6.4)1 8.1 (6.8) - -

6.5 (6.5)
6.8 (6.8)
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5. SIMULATION ANALYSIS

The simulations reported here are initial experiments with the current

model. Therefore, some of the results summarized in the following sections,

and the detailed results contained in Appendix C, are subject to change as

anomolous results are identified and corrected. All of the input changes

occur in 1980, except for the Extended Truck MPG Standards, and are a shift in

the level of the value (as opposed to a continuing change in the rate of

growth). Hence short-term and long-term impacts are very different, and it is

primarily the 5-year and 10-year changes which are reported here.

5.1 TWO PERCENT INCREASE IN PERSONAL INCOME

A two percent increase in personal income leads to changes in the

following selected variables:

% Change
from Control —

'

Year

New Registrations: Autos 8.36 (1980)
Personal LDTs 15.60
Commercial LDTs 15.97

Mid-Year Stock: Autos 0.62 (1985)
Personal LDTs 4.48
Commercial LDTs 3.02

Miles per Vehicle: Autos 0.58 (1985)
Personal LDTs 0.60
Commercial LDTs 5.23

FI eet Average MPG: Autos -0.12 (1985)
Personal LDTs 0.32
Commercial LDTs 0.22

Fuel Consumed

:

Autos 1.31 (1985)
Personal LDTs 4.77
Commercial LDTs 8.17
Total 3.24

—/ The Control forecast used for these simulations is slightly different from
the forecast described in Section 4. Hence the tables in Appendix B do not
contain the same "Control" results as those in Appendix C.
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The sales impacts are a short-run response, with rapid decay; since

scrappage also rises the stock effects are less dramatic. In addition to

increasing personal income by 2 percent, the ratio of income earned in agri-

culture, construction, trade, and services relative to the total was also

raised 2 percent, hence the large impacts for commercial LDTs.

5.2 FIVE PERCENT INCREASE IN TRUCK PRICES

A five percent increase in truck prices leads to changes in the following

selected variables:

% Change
from Control Year

New Registrations: Personal LDTs -6.22 (1980)
Commercial LDTs -5.27

Mid-Year Stock: Personal LDTs
Commercial LDTs

-1.15
-0.97

(1985)

Capitalized Cost per Mile: Personal LDTs
Commercial GVWl

2.27
1.96

(1985)

Commercial GVW2 1.78

Fuel Consumed: Personal LDTs -1.11 (1985)
Commercial LDTs -0.94

Total -0.35

The only deficiency in the current system is the lack of impact on autos,

which "a priori" might occur with a truck price change.
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5.3 TEN PERCENT INCREASE IN GASOLINE PRICES

A ten percent increase in gasoline prices leads to changes in the

following selected variables:

% Change
from Control Year

Mid-Year Stock: Autos -0.47 (1990)
Personal LUls -0.40
Commercial LDTs 0.23

Capitalized Cost per Mile: Autos
Personal LDTs

1.21
1.44

(1990)

Commercial GVWl 1.73
Commercial GVW2 2.33

Miles per Vehicle: Autos -2.27 (1990)
Personal LDTs -2.60
Commercial LDTs -5.46

Fuel Consumed: Autos -2.74 (1990)
Personal LDTs -2.97
Commercial LDTs -5.24
Total -3.40

A problem with this simulation is that scrappage falls an unlikely amount in

response to the VMT changes, which causes the perverse commercial stock

response.

5.4 EXTENDED TRUCK MPG STANDARDS

New truck mpgs were increased after 1982* as follows:

1983 1984 1985 1986-90

Personal 15.48 16.48 17.48 18.48
Commercial GVWl 16.20 17.20 18.20 19.20
Commercial GVW2 12.71 13.21 13.71 14.21
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These assumptions lead to changes in the following selected -variables:

% Change
from Control Year

Mid-Year Stock: Personal LDTs
Commercial LDTs

0.62
0.26

(1985)

Mid-Year Stock: Personal LDTs
Commercial LDTs

-0.09
0.04

(1985)

Capitalized Cost per Mile: Personal LDTs
Commercial GVWl
Commercial GVW2

-2.35
-2.70
-2.46

(1985)

Miles per Vehicle: Personal LDTs

Commercial LDTs
2.76
4.14

(1980)

Fleet Average MPG: Personal LDTs

Commercial LDTs
10.37
7.12

(1990)

Fuel Consumed: Personal LDTs

Commercial LDTs
Total

-7.58
-2.92
-1.98

(1990)

The simulation does not incorporate the higher LOT prices which presumably

would accompany these mpg improvements. Again, the stock values may be too

low if the impacts of VMT changes are overstated, since the capitalized costs

per mile have relatively weak impacts.
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APPENDIX A

BODY CLASS DEFINITIONS
AND LDT CLASSIFICATION BY TYPE

Body Class Definition

Pickup, Two or Four Wheel Drive A conventional truck with a two- or
four-door cab and an open top cargo
carrying bed.

Suburban, Two or Four Wheel Drive A conventional cab vehicle with extended
hood on light truck chassis with pas-
senger and cargo room within the body.
A truck version of a passenger station
wagon.

Utility, Two or Four Wheel Drive Any vehicle normally referred to as a

rough terrain or "Jeep" type. This type
of vehicle is characterized as having a

high ramp breakover angle and very
little front and rear overhang, and

equipped for off-highway as well as on-
highway use.

Van (Passenger or Cargo) A somewhat rectangular vehicle without
the traditional long hood of conven-
tional trucks, having passenger and

cargo capacity contained within the
body. Has relatively high cargo
capacity.

Multistop Similar to a van but much higher and

with standard seating capacity limited

to 1 or 2 passengers including the

driver (i.e., the typical bread van or

commercial laundry delivery van).

Vehicle has none of the qualities of a

passenger car--it is intended, primari-

ly, for low speed intracity delivery.

Personal-use LDTs comprise:

(1) Passenger vans usually included in automobile registrations

Voyager, Sportsman, Club Wagon, Sportvan, VW Bus.

A-1



(2) The following GVW Class 1 and 2 truck models (1977):

Chevrolet Vans, El Camino, LUV, Suburban, Blazer

Dodge Vans, Trail Duster, Ramcharger

Ford Econoline, Ranchero, Bronco, Courier

GMC Vandura, Suburban, Jimmy, Sprint

International Scout

Jeep CJ5, CJ7, Commando

A1

1

imports

Commercial use LDTs comprise all other GVWl and GVW2 trucks, almost all of

these being pickups, with a few panel vans and multistops.



APPENDIX B

FORECAST RESULTS TABLES
THE WHARTON EFA MOTOR VEHICLE DEMAND MODEL

CONTROL SOLUTION, NOVEMBER 1978

INOFX OF TAbLtS
TABLE FIRST LAST
number page pace Table title

1,00 1 1 selected market IMOICATORS
2.00 2 2 NErt RtGlSTRATlUNS (MILL AUTOS)
2.1 0 2 2 TOTAL domestic Ntrt REGISTRATIONS (MILL AUTOS)
2.20 2 2 foreign new REGISTRATIONS (MILL AUTnS)
3,00 3 3 GROWTH RATES, NEW REGISTRATIONS
3,10 3 3 growth Rates, domestic new registrations
3.20 5 3 growth Rates, foreign new registrations
0,00 u 4 PASSENGER CARS IN OPfRATlOMl YEAR.END (MILL AUTOS)
0.10 4 4 domestic CARS IN OPEHATIONi YEAR-ENO (MILL AUTOS)
0.20 4 4 foreign cars in OPERATION! YfAW-ENO (MUL AUTOS)
5,00 5 5 GROWTH Hates, cars in qpehationi year-cno
5. 10 S S GROWTH Rates, domestic cars in OPERaTTONi yeah-end
5,20 5 5 GROWTH Rates, foreign cars in operation! year-end
6.00 6 6 cars in operation by AGEI mid year (MILL AUTOS)
6.10 6 6 CARS IN UPEHaTION! SHARES BY AGf (PERCENT)
7,00 7 7 GROWTH RATES, CARS IN OPERATION! MId-YEAH
7,10 7 7 growth Rates, cars in operation! shares by age
8,00 8 8 SCRAPPAGE (MILL AUTOS)
8.10 8 8 GROWTH hates, SCRAPPAGE
9,00 9 9 miscellaneous market variables
0,10 9 9 growth Rates, miscellaneous market variables
10,00 10 10 domestic auto prices (DOLLARS)
1 1,00 1 1 1 1 GROWTH rates, domestic AUTO PRICES
12,00 12 12 foreign auto prices (DOLLARS)
12.10 12 12 GROWTH rates, foreign AUTO PRICES
13,00 13 13 CAPITALIZED COSTS PER MILE (DOLLARS PER MILE)
13.10 13 13 GROWTH RATES, CAPITALIZED COSTS PER MILE
10.00 14 14 MILES PER GAUON (WEFA)
10.10 10 14 NEW AOTQ miles per GALLON (EPA)
15,00 15 15 growth Rates, miles per gallon (wefa)
15,10 15 15 growth Rates, nfw auto miles per gallon (EPA)
16,00 16 16 USED CAR market
16.10 16 16 growth hates, used car market
17.00 17 1 7 demographic variables
17,10 17 17 GROWTH rates, demographic VARIBLES
18,00 18 18 ECONOMIC VAfilAUlES
19,00 19 1 9 GROWTH Rates, economic variables
20.00 20 20 AOTO CHARACTERISTICS
21.00 21 21 growth rates, auto characteristics
22.00 22 22 FUEL consumption EFFICIENCY FACTORS
23,00 23 23 miscellaneous assumptions
23.10 23 23 growth Hates, miscfllaneous assumptions
20,00 20 24 light trucks sector (Mill vehicles)
25,00 25 25 growth rates, light truck sector
26,00 26 2b trucks in operation by AGF! MIO-YFAr (MILL TRUCKS)
27,00 27 27 growth rates, trucks in operation by age mid-year
28,00 28 28 PRICES And capitalized costs (DOLLARS)
29,00 29 29 growth rates, prices and capitalized costs
30.00 30 30 miscellaneous endogenous variables
31,00 31 il growth Rates, miscellaneous endogenous variables
32,00 32 36 constant adjustments
32.10 37 39 EXOGFNOUS assumptions
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« « 7 a in 80 09 09 C Aj A» (O 9 9 9 O a o o o o a 9 a a a 9 1

AJ Al O Al ^ (M O O «. 9 •• (\i 9 9 O O 09 ft* Aj fO Aj •-• 9 Af ^ — — O V
«« O ^ Ai —• ^ •« O •• *0 «• Ai Oi* O «« a — AJ t

*« «« —
« e «*o «» 9 -A 0v«Ar*k c «• O O 8* «• a 8t« 88* 80 O ^ A* a — a A** •

80 ^ r>^ 9 ^ 9 !*•> 09 « fO ^ ^ 9 O •« O AJ O Ai 80 9 80 «• AJ AJ 9 a 9 a c
O 80 <0 ^ >0 9 A< 9 O Ai a 9 80 9 80 O ^ 9 8^ 1/3 8^ a 9 a o Ai O — f

to o Ai O’ Ai >0 AJ O O — 80 «« A. 9-90^0 — 80 - A) O O O 9 o 9 O 9* •— O •« Al •• •• M ««^ o «« 80 «*«•« ^ o •• Ai — — •^ «-» «• —
o 80 r>». ^ lA 80 9 Ai EV aO fO O O O ^ 9 fO a 80 c/3 oa pte AJ A^ a •

9 lO ^ ^ — 9 (A CA 80 Al 9 O 9 lA O U9 *0 03 a a ^ 03 •• 09 a -t a Ai a Ai a 1

A4 « 9 O 9 9 9 « O 9 a -O A| pA ^ 80 ft' 9 ^ 80 9 O 9 09 a9 aA>a9»i
«L • • • • » 1

O ^ AJ O ^ Ag O *« *• 80 «« Ai 990^00 o ^ 9 a 9 a 9 o a a a A*i t
««0 -• A1 M «« ^ o Aj o o Ac — • 1

«• <«• «« M

(/> 0} 0> 03 03 03 0> a a 0> 1

c a o :: a c o o o C r
^ •— - #— » H- 8— 8— a f
~ 3 3 Z 3 3 3 3 3 3 • 9
<< < «a < < <* < < 4 4 * 1

0> 0> 0) 03 CO 03 a a a 03 1

03 « < <t < < « 4 4 9

U C9 C9 cs o O o o Cd o r

C Hi UJ Ul UJ ifti Ui UJ UJ Ui Ui 9
- so: K a (£ OC a X X X • •

09 09 09 03 03 03 a a a a •

-% 2 2 r* r? 2 2 2 2 2 2 1

< «( <r < < < 4 4 »
i2 > > > > > 9 > > > 9 1

QC 09 O O CO o o 03 a O a 3 c a o O 1

^1U 2 2 09 Hi Z Z 9> UJ 2 2 03 ui 2 2 a U« 2 2 a* f

CO ^ < <9^ CO «i <4 <* X «J 4 « X J <4 < X «C 4 4 X t

kU (J o 2 0 O u u; o u> KJ 1

£ ^ CO 09 09 Z3 O CD 09 03 C/3 3 M CO 01 03 3 ti^ a a a 3 ••a a 03 3 •

^ X ;u X 09 or mXIiaJuJX 03 X JX X Ui X 00 X OC X X Ui X a X X X X Ui X CO X X >

*-« UJ ^ O X U9 ^ t-UJ-i-JOXO^ ' UJ «i UJ X o ^ O Ui ^ O X o ^ U> Ui ^ ox 0 8- 1

» •-> 3 O 3 3 O 3 >•-^303 O > 3 O 3 C > •- 3 UI 3 1

X a oc X o: c X S £ X 3 X C £023X3 A- a X 3 X c 8- ax 3 X O r

3 _i c t- Jr - r -o3C^a:>*x _j c •- X - z a -j c 8- X 8- 2 a-i08-x*-z #

« ^ S *— Ui <o «I Z Z - ui uJ 4 2 A* oi 4 51 ^ Ui 4 SI A* Urf •

a: z c c or — Z 3 C O C Z tS Z C O 3 Z 0 2 0 0 a z X z o c c z •

* 3 »- I S Z co8-8-x^xr « c - z t- z z z o *- z - z z 4 0 8-2 8-221
09 3 UJ X Ui a ui(033UiXUiO X M 3 Ui X Ul O Ui a 3 Ui X u« o Uia3urXuc3 f

-i oc < z u z z o:x<<2 cjxx X X 4 z o z z X <4 2 id 2 2 >- X 4 z (d Z 2* 1

M yj Uj 8^ < Ui X Ui M UI — • f

3 0. -i X a. ^ XX .J 4 a .j O X ^ I

O o u UJ A« • 1

UJ 2 03 z
o>.rvi>n9 09^A»a9 o««Ai809aar<» 0 9 0 1

AjACAlAjACfOtOtOfOatOfOtO a a 9 t
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TABtf

?5,00

GROWTH

RATES*

4.I6HT

TRUCK

SICIUR

LINE

ITEM

,

f»7e

S980

8
RB3

J985

898«

|98$

1986

1987

J980

C flO O' O 9' A«
» • « • « m^ ^ ^ ^ O

o a* ^ -o ^
^ «M CO |/> CB K'

^ «C J> —» J> <M

4/> ^ AJ ^ OJ O*

O' 9 fV 9 Ai 00

^ cr rA 9 Ai

O 9 O <C O O
rv i/> »0 4TI ^

A X 9 ^
— -i. ^ O '

o o -o ^ i/>

^ ^ ^ « 9 00 ^ ^ 9 9 (/> 9 O
Aj ->» rv

*-e 9 CO GO AJ

(\! « t/\ 9 Ifl BA

AJ AJ 9 A# 9
A< ^ ^ 9 ^

O sO AJ -O (> r»>«. 9 K* o r\i Ai •

o o
9 • • »

Al G O 9- O
•A «• IP (P ^ O

Ai A| ^

9 ^ O 9
Aa ^

*0 « 9 ^ 9
Ai ^ 4p f^ 9

«« O 9 9 9 O
•i« ^ O •

9 Al O O tx>

«-• AJ Aj Ai —» A* —

*

I • •

fA «- 9 9 9 «n

^ o 9 «• 9 9
0> 9 ^ V* (A

4V «« 43 « « 9
9 (p ««

At Ai « .9 « aP

9 9 <C O <® ''A

IV nj -« o
9 O 9 ^ 9 Ip Al
• ••••••

lA Al AJ <0 9 >0 «A

9 9 9 AJ 9 O
o ^ fA «>«

^ Al fA O aA IP

BA <Vi 9 p'* 9
O ^ »A ^ C
fA Ai 9 ^ 9 Ip

AI jA 9 »A At 9 r- « hP BA lA tP p 9 O 9 P o O 9 «* •»* 9 9 9 9 9 AJ »
• • • • c « • « e «D C • « • a a a a a at

Al Ai «« O « e 9 BA CEt ^ « <3 AJ 9 --O bA A0 o B^ O 9 Aj O O 9 1

• CV ^ Ai «« ” -
r
1

e ««» 4P X (P Aj CD 9 9 ^ 9 O BA fA o 1A 9 9 9 O 9
$
B

9 tP «» — -c BA B
e « «> «> • • • • • • • tt • « e e • • • • « o a e •

A| Ai «« O «• e G G ^ 9 QD 9 « BA Al AJ A* 9 At «*• O 9 O 9 Ai «-> ao 9 ^ 9 1

t
1

6 6 5 0 5 >o — Ai fA •• 9 « Ai O Af O Al CP 9 »A 9 ^ 9 fA

r
1

bA bA ^ IV 9 Af fe

e • « * • • » m • c e • • C • a o V • a a a « a a 1
«M ««> «« G O O t*» ^ 9 f=- O p 9 kP A** At «^««« «" 9 Ai a« a« 9 a* 9 1

B
• • «« ”

B

t

Ai fA r«». fOb « ^ A! 9 rA ® CD 9 9 9 O •A Ai lA 9 |A At

t
B

AJ AI 9 9 •

• c • • • • • • « « «> • • • • • « c • a a a a a a 1
Ai AB O O O O P AJ Ip o o «M IP ^ At AJ ^ Ai 9 AI 9 At a» <vi 9 A; 9 r

9 9 mt ^ - -
t
•

(P ^ O G G 43 IP lA 9 ^Al G t*» 9 9 9 BA Ab'««lP G ItVB^

B
B

9 fA fA ^ BA C‘ •
• « • c • • c • • « « • • e • * • • • a a a c a • a a a a a a 1

A/ Al A« «« A^ o ^ Ai A! 9 AJ 9 — AJ — O rv G 9 Aj «* «A 9 pA 9 BV a* 9 9 9 ta t
9 9$ - - -

»

«viA AJ 9 At p •A bA4P 9 9 0 9 e 9 9^ O 9 9 9 «A 9 lA bA
1

9 O IP O 9 t
« • • « « • • • • « • • • • tt V • • • a a a a a a a a a a a a |

A; AJ — O o |A — ^ 9 9 9 9 9 9 9 AJ C 9 a* IP 9 (P Ai a»|p 9 IP 9 1

•
ff

9

9) (P 03 0> 03 CP 03 03 03 CP •
!> c o c a c c c c C C • 1

»— ^ ^ B-> 0-» - t- 1

3 3 r 3 3 O t
< « 4 < <r < «0 4 1

«P 03 CP 03 03 03 03 03 (fl <o • •

I <A <t < 4. < < < <C <1 9 < i
• ac
1 O O O C9 Cd C3 O o o o o »
1 c Ui ut Ui Ui Ui Ui Ui UJ ui • 1
1 ^ <r oc cr z z z z z Z Z B

• CP
03 03 03 03 03 03 9 03 9 03 I

1 z z Z Z * 2 Z Z Z Z 1

> *• < 4 -* <T < < <I «x <T <a f
t c. > > > > > > > ^ > f
• «aJ I
t CE CP O O 03 O o 03 o o 03 3 O 03 Q O 1

f ^ Ut 2 2 03 Uii X Z CP Us. Z Z 03 Ur. Z 2 03 Ui Z Z CP« 1

1 CP ^ ^ 3C CP _J ««x <« ^ -T <«T iC ^ < < X -i <# < X 1

• U O Z C-> u o UJ UJ UJ C.J u B

1 c M <P 03 CP C M 03 CP 03 03 Z M CP CP CP 3 »« 9 03 03 3 »a 03 03 03 3 t

1 —

•

X tei 3k; 03 or f_> X Oi tu JC 03 Z Z X U. X CP Z X X Ui X 03 X Z X X Ui X 03 X z r
• Ui ^ l_> 3C U ^ UJ ^ UJ X UJ Ui UI ^ UJ X o »- o z —; u> X OB- t

> ^ O X <i ^ • Z, U 3 > ^ TT o > •- 3 UJ 3 3 > « 3 UJ 3 r
1 z OD S X IT c a: sc s a: 3 Z C X Z 3 Z C - X Z 3 Z C - X Z 3 Z 3 t
1- w -30^0:^ X - -J c c »- Z A- X -J C •- Z B- X _i C »- or *- Z CP -J C B- Z B- X •

1 <» X •- u« 03 ^ 2 X B- UJ Ui <x X ^ Urf ^ X B* UJ X ^ Ui 1

% <r zoo a X - z c c c O X C^ Z o c c r 0200 Cl * 2 O C O Z 1

t cc C - X »- X z o O X ^ X z •« c >- X B- X z 2 O B- 2 X Z < C B- X ^ X Z 1

B <n z ui z uj C ^ CT3 Z Z kAJ X Ui o z GO O U< Z UJ c Ui (A O Ui X UJ O UJ033UJXuJCt
t ^ a ^ 2 o X z z o: 4 2: CJ3 X Z z z <X X o s z X « Z U Z 2 >-QC«»ZOZ2l

1

1 Ui M w mm <x Ui mm z Ui ^ U» Ba I 1

• O Q. ^ ? Q. c a << z ^ C CL ^ t

1 O UJ UJ UJ aa • 1

» UJ z 03 >- z •

1 AJ fA 9 P O 9 O •• Al >A 9 P 9 03 9 O -• Aj rA ^ p 9A“990^AJfA 9-P9»^990 t
Ai Ai Ai Ai Aj Ai AjAjAjAjrABA»ABABABABA|ABA|iA« t
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table

36,00

trucks

IN

HPERATION

BY

ACt»

MID-YEAR

(HILL

TRUCKS)

LINE

item

1978

19/9

|980

1981

1982

1985

1980

1985

1986

1987

1988

Ai rw Ai AJ <V
Ai

• O fU O O O

r>jAjrvj««C£-09r^<MO«AAJ^— O 9«^r>-AJ90^P^pA9rA ^ -J^ rvj ^
^^’C'0l^>PA^0"C0f^»r»AJ0‘rf'^O

«>• Al Ai Ai CV)

AJ
O Ai O O O O’ Aj (V AJ Al Ai Ai

Al

A»Ovr»^A«f^9Ai9A»^ ^Air>»
OOA.*'4>7KT rAPAo^ oj^99«»99r^^r^op*>'0

9 A# Af Al O O Al O O O « Af Al A^ AI Al Al
AJ

r»>9r»>«<i9AJ9(r'A^AjLA^OAjPAk/>
^ AJO^^ •• «-*OOI0AIpA^ 9 (0*A«A«A^

> O O «« O O O ^ Al A# Al A» Al «

Al
• O PA •« O O

Al^^AJ^9A-C^ 9»A9^ —.iri-AfAfi^U^
^O^C<£iP9AiOCr^<^^r^OO

9'C'A.Od^AllA«i«f>^9»PA990Ok4O
A|-M^J^J> 9^0 9*»Or^«MAl^ 'C
^ ^lAAlO ••M^P^AiO

0 9 0^000 l/> Aj Al rv Al Aj
AJ

^®*^a0^i/>OLri9O— 9AI9
A4Al9CO^-r**— 9 ^ J'O o — (P
'09S^<r>9PAO0‘A»<6>Ci^|AOO

9A»®^^9 ««09000^9*Acno^»0^«9PA^V*»
IJ^ •»OO«<0Al«*Ai«*AlAlA^O

C O O ^ O O O 9 At Ai Al AJ Af
AJ

^^^r^^L^p^••9^^^<p’C90f^eo
9«M«wpA09t^iri09LnCAlAii
A^»^AiAp09A|®9>C®«39l/ll
9Ai«*09 O ^ ^ r^ fSt 9 O « Aj <

>00000^000 9A AJ Al AJ AJ
Al

' O *A — O O

^9^99pA9«9C-®^A|^«—^
*A9AiPAr-«/>^«»^r-oe09^'C*«
r^'0Xinv^«*9(&r^’^irp^0'A4Oo

A|0«»tf^99lA^A|8A^-A0«Arp>Jl
043J>0P^QC
^^AJ«•^9 ^»^AJ9PA0«90Ai0

• 0900000000 —• Al Al AJ
A#

O (V ^ O O

Al9^(npAO OhO> 000009 9iA
(7^J^m9r-‘090“OPAOAjAjAJlP-^
^lAiTpa— r^tfiop^ccAjoo

I^^m.AI^p^«*0009
Aj^-pA 0«^9l/IV^O
9 ^»-Or*PAAi9 9

r^» 9^ O pA O^ lA pA ^ 9— « o o nj o
• ooooooooooo O AJ AJ

AJ
• O O AJ O O O

*AOtA«^*^90PAOO^€C(APA«»pA A-OO^Otf'<^PA^9h»9»«»(/5«»^0
^0«*^0*n«««Ai/>Al9990(r** OOa0PA««4)Ol/>OO^A-O<^9O•
099«»0<C0^J^9PAAj9^AiOO r-9Al99^0^ 0COf*»AfO

o^^«»«»oooooo< o o o o • O O O Al O O 0>

0«^Y^ OAjOA-OITAJ pA
T^90Ajr^pA|Af**900Ai0^9‘*-
0*AAJOO Or«»lJ^9PAAJA) 0««0 O

rf^000099AJ*A9Aj90^^^pA— 09^AlC“—• — P*-9h*AiOO^O
O O A- 9r*^J^9Aj0^a‘r^*p9r-AJ0«

tf>«.^«..000000000000 • O O O AJ O O 0>

«o
Ui

1 CO o
^ kAJ 4
t o O O Q C P-> o c o o< •

1 <x C «J ^ -J ^ z o «J -i 1

1 ^ -j 3 COO p-« ^ o o o o •

i z o : o
flO (O CO CO 0» GO CO 9> •

f > ct z z z z ^ z z z z z- •

1 < O 4 4 4 4 ^ 4 Q 4 4 4 4 ft

ft ^ oi o c. o A c. a. o O -i UJ Ui UJ 4 Ui O 000003 O -i UJ Ui UJ Ui ft

r —j >- o ^ -J o >• >>“>• >- c ^ ^ -J ^ c >» >•>•>- ft

•‘ 4 -1 c c c c c c c c . mm _l c c c c c c c c
1 UJ o (o m o in o CO Ui C QO m om o ft

CO CO CO CO CO 91 CO z «-• AJ Ai PA IK. X CO 91 CO 91 91 CO «o 91 Z Aj Al PA 1

1 (A O z z z z a. z z X z 4 u> O X z z z Z Z z z X 4
ft < 4 4 4 4 4 4 4 4 uJ O O Q O X 4 4 4 4 4 4 4 4 4 UJ o O C 3 »

1 O Z Ui Ui Ui Up Ui Ui Ui UJ Ui >• — i- ^ Z X UI Ui Ui UJ tu lu Ui UJ Ui >- ft- — ft-' 1

ft — ^ >- >- >- >• >- > >“ >• >- P- 4 >• > >• >• >• >. >• V >•

1 Z X O ^ 0^0 X o ^ — J5 1

ft ^ ^ •- AJ PA 9 in o o 9 — AJ AJ -J ft- Al r^ 9 in O ^ 4> 9- — — — AJ Al- ft

1 «J (O
1 < CO Ui Ui UJ Ui oi Ui Ui Ui Ui Ui Ui Urf o CO Ui Urf UJ UJ Ui hi uJ Ui ui Ui UJ UJ U* UI t

ft 2 Ui o o o o o O o C9 o o c^ o Z Ui o o ‘O 13 cj cr CJ o L9 o o o o ;3 ft

1 O «J 4 4 4 4 4 4 4 4 4 4 4 4 4 4 UP ^ 4 4 4 4 4 4 4 4 4 4 4 4 4 4 1

1 00 X
• z z
1 Ul
ft z U
• •« At »A 9 in

1619II19 O rvf 9 u^ -o CO o O AJ PA 9 in O ft- «> O «« Al PA •

AJ AiAjAjAtA/AlAPAj AJ PA pA pA *«V i
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TABLf

27,00

GROWTH

RATESj

TRUCKS

IM

OPFRATSOH

BV

AGP

MjO»VEAR

UNE

item

J'778

P79

9980

IR81

9«»62

8983

9980

|985

J986

1987

8988

• t tt i<*«
I 9

t •

t t

I t

• 8/vA*^*»o o<o««»njcr i

I

I ,^f^OA*U^4><C9<M0U>9^kriOtf ^OOOK^O njAi»a»c* I

• • S ft «» — «» I

t I

B •
• «

•

• B

I.C**^*)*® •*«'•*««'«'••>«« ««*«t
e. 90«*8^4>4>^o^^or*>»o9’<v««> ft

I ^ *««««•«« 4M «>• • C — — »
ft ft

ft 8

• B

• •

• •«>•«•)*•••«•••••• ••••••••••••••••I
I «•«*«« — <-» ft I

• ft ft

I ft

ft ft

ft I

I <<ftQAftrW7^ ft

B9^^ft*>^^r»99‘<«ir>9njr»»APViAiv i/v?*^p^h>o>oajo^;poc^^^j\s^t i

ft. ^ m ^ ^<v«N.ft ««ftft
ft ft e
I ft

ft e

ft B

ft. ssi^ir^9Atf^ae«^«>»^««A«Aja>ce ft|.•oc««•>ec«>e« 4 •«>•• •«.
I ^§>teftfc.K>Or»AJO«U^O»=-«®tfV<\j |

e«-o ^ AftlU«-e ^ fM. « ft • I

I. ft ft

ft 8

ft 8
ft ft

9 «M^<^a^o>A9n«o9iri<o«ft*»'Otf> i

ft«i»i>«^9Cft>ft«>-4>i/)i\j«><09tr^oo #
ft «> «-* -6 «*-c (M «« ft <V <^ •« f ft

ft i ft

f ft

ft ft

ft I

I ©i^tj^0"^ifk5r^icnr«»>oG^®<M9^f*- b

9 •••»««•«••»«)••»• •«tt4Doec«*«c«>«>c]eo9
t«H. « fl
ft. • r
I. 8
ft ft

I ft

ft ^ i^4>fVl«Of^ftrf\{««i/)iri94>fA9aV I

ft »••»••••«•••••• ^«cc)«««»«««««ecttft
ft .ooft*»rM<^^ir>oou^Gr\»0t^rvpA<»ft
• «e «««>«^«. —AJ ««9r>9««Kft ««999^
ft ft ft

ft ft

ft eft
ft ft

IftI' ft

ft 90f*»^l/tAia>'£U^09‘«>«««'4>IV« ft

9 ^ ^ ^ ^ ^ «*A# ««^t«>«««>ftft«. o»ft»ft.ft
r ft o ft

• ft

I ft

ft ft

ftO99PA9(A*^AIO®CC<VI«^.08Ak0 •
ft e»ci««.«a>*«»*«cc«c ••^•••••••••«»ci«>|.
• 4nr»'0</^^9-^ir»0«3«*ft^Ajr*»P^O .OAjO^VAO<^U^O 0jK^(0<0»^Aj I
i ^ ^ ^ ^ ivru^oAjo* f — Ai •eft«,^ii—» ftft’ft
ft ft > ft

ft ft

ft . ft

ft ft

ft 07 %

ft u/ ft

% 07 C2 ft

ft • tlu acoo •- cooc I

• «xo
i»-_» ccoo«-i oocat
» z o » o •
I « tft CO iw cn os (O »s <o I
V > (K a^atxx a: x k k t
I <* Cl <* <* <J C _! « Q «* ^' «* •« I

t-iu/ oaooaooa^iubiM^ui <t.Li aoooaa^^a—lujiuhjui»_»> 0_l_i_l_l_l_*_l_»Ci>- >•>•>- > Q_I_1_J_I_)_1_J_1CJ>- >>>> t
• «I -JCOCCCOCC — -lOOOCCCOC I
• luo coinocrionujo «i/>o>/«oil»2 COtOlOCOCOCOCOCOH —i(\JCV|.o> JCZ COCOOJCOO>«DtOCOar-»»U<Vl»t|
ico3a:iracac(za:(ra:a:'4 uoacocixxacaiircrtr'i •

esc •«'<.*'<«»'<«t'<«i*)CCOC Z <*«I«»'««'«a<I«*«*UiOOOC »
IUZUIUJUiUiUJUiUiUlUJ>'*~W»-»- KZCUUJUiUlUJUJUi(uUJ>-*—

•

» 3 «*>“>->'>'>->->>->- ,-•«*>->->•>•>->->•>->- ,
iirx a — ^ ^ X «i
i»-^>ai\t,'\9m-A^a<r>«'->»rur\i _j,~— (Vp*7tn.o^ioo''>«~^(V(Vi t

• <11
I _»(/>•»••——— — — — — — >->CO~«*-«~«— «•••<•<»••<• I

l4COIUUiU<LUUi^UJUJUiUJUiUAUiUJ UCOCuUJUiCiS^JUJUiUitLiUJUiUJUSUi I

• ZWUULSL3(.SOOOL9UC3(.3(JCS ZtUUOOO;.3C3UOUUOL90U »IC_i<<X«4<l<t44<X'<<<X<I< LiJ_l<T<I'«4<('<<<I.*<t<X'4'4'< I

I <0 I. • I
» <r X t
I Ui o • •

to. <_> I
c — — — — — — — — — — — — — — — I

I (Vio t
» — — c« — <- — — —<rvf\jrvirciAjAjru(\irurvip4FO<n»^ ,

B-28



table

28,00

PRICES

AND

CAPITALIZED

COSTS

(DOLLARS)

LINE

ITEM

.

IR

78

I979

.

|R
8
q

1961

1962

1981

|98«

196S

1986

|9«7

1988

0 lT < 9 X P^ P^ pA 0 9 X m X X 9 — X 0 IP 0 0 X *"
• • • • • • • • • • • • • • • • ••<>• X «• 0 0 pa X r^ 0 O' 9 9 PA pp> 9 9 X 9 PA PA AJ Aj X 9 ^ Ai Ai X PP X rA »^ 0^ XT « 0 X rg X X 9 ^ X pA 9 LA X PA X P*^ P P uP 9 9 9 10 ^ 0 0 X X X X 9 0 «• X 0 ® »V — <M^ 9 «• 0 «- 0 •« 000000 1

9 r- « 0 ^ ^A — 9 0 -o « 0 X X Al Ai X X P P 1
• • • • • • • « • • • • • • • • • • • • X pA X AJ 1

Xk 9 X 9 X X IT X PA AI X A# Al X r- «A eA X «T 9 9 9 AJ PA ^ 19 0 0 rw O' r^ Al X AJ AJ 0 9 «n ^ PA tr 9 X X — 9 9 P 9 9 9 1
AJ Aj r»i ryj 0 (TT X X X 0 X 9 0 « « » ~
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APPENDIX D

REPORT OF NEW TECHNOLOGY

The work performed under this contract has led to an econometric model

which is both innovative and state of the art. It provides long-run policy

analysis and forecasting of annual trends in the U.S. motor vehicle market,

given various policy options and alternative socioeconomic futures.

225 copies

D-l/D-2
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